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This  symposium  was  organized  for  several  reasons.  One  was  to 

BRING  TOGETHER  ACTIVE  INVESTIGATES  IN  ORDER  TO  SEE  WHCRE  WE  STAND 
IN  THE  STATE  OF  THE  ART.  ANOTHER  REASON  WAS  TO  PROVIDE  A  TUTORIAL 
SITUATION  FOR  INVESTIGATORS  WHO  HAVC  INTEREST  IN  EMBARKING  UPON 
EXPERIMENTATION  IN  THIS  AREA.  FOR  THEM  THE  ORGANIZERS  WISHED  TO 
PROVIDE  AN  UNDERSTANDING  OF  WHAT  HAS  DEEN  DONE  ALREAOY,  WHY  CER¬ 
TAIN  LINES  HAVE  OR  HAVE  NOT  BEEN  PURSUED,  AND  THE  PROBLEMS  ENCOUNT¬ 
ERED  OR  THAT  CAN  BE  EXPECTED.  It  IS  TO  MEET  THESE  OBJECTIVES 
THAT  I  SHALL  ADDRESS  MYSELF.  THUS,  I  SHALL  BRIEFLY  SKETCH  SOME  OF 
THE  HISTORY  OF  THIS  AREA  OF  RESEARCH,  OUTLINE  BRIEFLY  THE  EXPER¬ 
IMENTATION  THAT  I  HAVE  CARRIED  OUT,  AND  STATE  STRONGLY  WHAT  I  BE¬ 
LIEVE  VO  8  E  CRITICAL  MATTERS  THAT  AN  INVESTIGATOR  MUST  RECCCNIZE. 

The  last  substantial  group  of  experiments  in  this  area  were 

CARRIED  OUT  IN  THE  MIDDLE  ANO  LATE  1950'S.  THE  RESULTS  OF  THESE 
EXPERIMENTS  WERE  BROUGHT  TOGETHER  AND  DETAILED  JUST  BEFORE  AND 
AFTER  I960}  IN  THE  FOUR  ANNUAL  CONFERENCES  THAT  WERE  CALLED  TRI- 

Service  Conferences.  This  afternoon’s  session  is  in  a  sense 
unique.  There  was  no  session  on  the  nervous  system  in  those  con¬ 
ferences.  Today  investigation  of  the  neural  effects  of  rf  energy 

IS  RECOCN  I  ZEO  AS  A  LEGITIMATE  AREA  OF  INVESTIGATION.  BUT  EXIST¬ 
ING  WITH  THIS  RECOGNITION  IS  ALSO  A  GOOD  DEAL  OF  CONFUSION  AND 

misunderstanding.  Such  confusion  and  misunderstanding  is  char¬ 
acteristic  in  SCIENTIFIC  AREAS  IN  WHICH  THERE  IS  A  GREAT  OEAL  OF 
TALK  ANO  VERY  LITTLE  DATA  COLLECTION. 

Why  is  there  so  much  misunderstanding  and  confusion  and  so 

LITTLE  DATA  COLLECTION  III  THIS  AREA?  THERE  ARE  FOUR  SOURCES  THAT 
HAVE  CONTRIBUTED  TO  THE  DEVELOPMENT  OF  THIS  SITUATION.  WE  SHOULD 
RECOGNIZE  THEM  FOR  WHAT  THEY  ARE.  THEN  WE  CAN  MOVE  ON  TO  MORE 
USEFUL  PURSUITS  SUCH  AS  MEANINGFUL  EXPERIMENTATION. 

First,  when  the  Tri-Service  research  program  was  organized 

IT  WAS  ASSUMED  THAT  THE  ONLY  POSSIBLE  EFFECT  WAS  THE  "HEATING" 

of  tissue.  Some  people  involved  in  that  program  quite  confident¬ 
ly  SHOWEO  BY  MEANS  OF  EQUATIONS  THAT  NEURAL  FUNCTION  COULD  NOT  BE 

•Text  of  an  extemporaneous  presentation  at  the  U.S. Public  Health 
Service  sponsored  "Symposium  on  the  Biological  Effects  and  Heai th 
Implications  of  Microwave  Raoiation".  The  symposium  w»s  helo  um- 

CER  THE  AUSPICES  OF  THE  MEDICAL  COLLEGE  OF  VIRGINIA  AT  RICHMOND, 

Virginia  on  September  17  through  19,  1969. 
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AFFECTED  BY  RF  ENERGY.  ABOUT  THE  TIME  OF  THE  LAST  TRI-SERVICE 
RESEARCH  CONFERENCE,  WHEN  I  FIRST  BECAME  INTERESTED  IN  THIS  AREA, 

I  CAN  RECALL  BEING  SHOWN  ON  A  CHALK  BOARD  THE  CALCULATIONS  THAT 
"PROVE  0 11  THAT  NERVES  CAN  NOT  BE  AFFECTED  BY  RF  ENERGY. 

There  was,  however,  one  basic  fault  in  this  line  of  reasoning. 
The  fault  was  the  assumption  that  we  have  a  good  unoerstano i ng  uf 

NERVOUS  SYSTEM  FUNCTION.  THIS  ASSUMPTION  IS  WRONG.  OuR  UNDERSTAND 
INC  OF  HOW  INFORMATION  IS  COOED,  TRANSFERRED  AND  STORED  IN  THE 
NERVOUS  SYSTEM  IS  VIRTUALLY  NIL.  In  FACT,  THERE  IS  INCREASING  EV¬ 
IDENCE  TO  INDICATE  THAT  EVEN  THE  EXISTING  HYPOTHESES,  SUCH  AS  THE 
ONE  THAT  THE  ELECTRICAL  SPIKES  RECORDED  FROM  NERVES  ARE  THE  INFOR¬ 
MATION  CARRIERS,  ARE  INCORRECT.  INSTEAO  IT  APPEARS  THAT  WE  MUST 
LOOK  AT  NEURAL  FUNCTION  FROM  THE  STANDPOINT  OF  SOLID  STATE  PHYSICS. 

Looked  at  in  this  way,  many  possibilities  for  rf  energy  inter¬ 
actions  WITH  THE  MECHANISM  OF  INFORMATION  TRANSFER  AND 
STORAGE  IN  THE  NERVOUS  SYSTEM  ARE  APPARENT.  In  THIS  NEW  CONTEXT, 
FACTORS  ALMOST  TOTALLY  IGNORED  IN  THE  TRI-SERVICE  PROGRAM,  FACTORS 
SUCH  AS  MODULATION,  THE  DELIBERATE  USE  OF  LOW  POWER  DENSITIES,  AND 
THE  CAREFUL  CHOICE  OF  SPECIFIC  CARRIER  FREOUENC I ES  ARE  CLEARLY  OF 
IMPORTANCE. 

Thus,  through  the  acceptance  of  a  false  assumption,  the  only 
NERVOUS  SYSTEM  INVESTIGATION  IN  THE  TRI-SERVICE  PROGRAM  CONSISTED 
OF  A  SMALL  STUDY  III  WHICH  THE  INVESTIGATORS  WERE  GIVEN  AN  X  BAND 

transmitter  as  an  rf  source.  The  logic  in  assigning  a  group  of 
Investigators  responsibility  for  providing  information  on  the  ef¬ 
fects  of  rf  energy  on  the  nervous  system,  and  then  giving  them  an 

X  BANO  TRANSMITTER,  ESCAPES  ME.  ALTHOUGH  THESE  INVESTIGATORS  WORK¬ 
ED  QUITE  DILIGENTLY,  ONE  CAN  NOT  PENETRATE  VERY  DEEPLY  INTO  THE 
BODY  WITH  X  BAND  ENERGY.  In  FACT,  THE  ENERGY  IS  LARGLY  DEPOSITEO 
IN  THE  FIRST  FEW  MILLIMETERS  OF  SKIN.  THE  BEST  THAT  COULD  BE  DONE 
WERE  MARGINAL  STUDIES  ON  STIMULATION  OF  PERIPHERAL  NERVE  ENDINGS. 

The  SECOND  SOURCE  OF  MISUNDERSTANDING  CAN  BE  TRACED  TO  THE 
CONTROVERSY  ON  THERMAL  VS  NON-THERMAL  EFFECTS.  A  VERY  HEATEO  CON- 
TROVERS/  OEVEL0PED  BETWEEN  THOSE  WHO  THOUGHT  THAT  ONLY  THERMAL 
EFFECTS  COULD  OCCUR  ANO  THOSE  WHO  THOUGHT  NON-THERMAL  EFFECTS  COULO 
ALSO  OCCUR.  This  CONTROVERSY  INVOLVED  A  GOOD  8IT  Or  EMOTION  ANO 

Investigators  polarized  into  two  opposing  camps.  Of  course,  those 

WHO  HELD  THE  THERMAL  POSITION  AND  WERE  DOMINANT,  CONSIDERED  ANY 
DISCUSSION  OF  OR  EXPERIMENTATION  WITH  NEURAL  FUNCTION  AS  A  PART  OF 
THE  NON-THERMAL  CAMP  ANO  THUS  DESERVING  OF  CENSURE.  THE  TRAGEDY 
IN  THIS  IS  THAT  THE  THERMAL  VS  NON-THERMAL  CONTROVERSY  IS  ONE  OF 
SEMANTICS,  NOT  SCIENCE.  In  GENERAL,  THE  INVESTIGATORS  WERE  TALK¬ 
ING  PAST  EACH  OTHER.  FOR  EXAMPLE,  ONE  INVESTIGATOR  OBVIOUSLY 
DEFINED  THERMAL  IN  HIS  MIND  AS  RISE  IN  CORE  TEMPERATURE.  ANOTHER 
DEFINED  IT  IN  HIS  MINO  AS  INCREASE  IN  MOLECULAR  VIBRATION.  THERE 
NEVER  WAS  A  COMMON  DEFINITION  OF  THE  WORDS  THERMAL  ANO  NON— THERMAL. 

The  thirc  factor  that  unfortunately  contributed  to  the  mis¬ 
understanding  ANO  CONFUSION  IS  A  SCIENTIFICALLY  IRRELEVANT  ONE. 
There  were  jurisdictional  battles  among  some  groups  as  to  who 


WOULD  CONTROL  AND  BE  RESPONSIBLE  FOR  R  F  RESEARCH.  THIS  RESULTED 
IN  POSITIONS  BEING  TAKEN  ANO  ENERGETICALLY  SUPPORTEO  ON  THE  THER¬ 
MAL  VS  NON-THERMAL  CONTROVERSY,  THE  POSSIBILITY  OF  NERVOUS  SYS¬ 
TEM  EFFECTS,  ETC.  THE  MISINFORMATION  THAT  THIS  GENERATED  IS 
PHENOMENAL.  FOR  EXAMPLE,  IT  WAS  SO  BAO  THAT  I  FINALLY  FELT  COM¬ 
PELLED  TO  INCLUDE  IN  PAPERS  THAT  I  HAO  PUBLISHED  IN  THIS  AREA  A 
STATEMENT  SUCH  AS  "....  CONCLUSIONS  OR  INFERENCES  8EY0N0  THIS 
(STATEO  IN  THE  FOREGOING  SENTENCE)  ARE  ABSOLUTELY  NOT  WARRENTEO 
BY  THE  DATA".  I  HAO  HOPES  THAT  THIS  WOULD  DISCOURAGE  TO  SOME 
EXTENT  THE  ORAWING  OF  UNWARRENTEO  CONCLUSIONS,  AT  LEAST  FROM  MY 
DATA,  BY  PEOPLE  IN  THE  VARIOUS  CAMPS  WHO  THEN  NEGLECTEO  TO  IN¬ 
DICATE  CLEARLY  WHOSE  CONCLUSIONS  THEY  WERE. 

A  FOURTH  SOURCE  OF  THIS  MISUNDERSTANDING  STEMS  FROM  THE  EX- 
ISTANCE  OF  A  GOOD  BIT  OF  RUSSIAN  WORK  ON  RF  ENERGY  EFFECTS  ON 
NERVOUS  SYSTEM  FUNCTION.  IN  GENERAL,  THIS  RUSSIAN  WORK  WAS  RE¬ 
JECTED  by  American  investigators  for  various  good  and  bad  reasons. 

One  reason  was  due  to  the  differences  in  tradition  in  U.S. 

AND  U.S.S.R.  BIOLOGY.  AMERICAN  INVESTIGATORS  ARE  ORIENTED  TO 
LOOKING  FOR  EFFECTS  THROUGH  A  MICROSCOPE.  INVESTIGATORS  IN  THE 

Soviet  Union  have  a  somewhat  different  tradition.  They  teno  to 

LOOK  FOR  EFFECTS  IN  THE  MODIFICATION  OF  NERVOUS  SYSTEM  FUNCTION. 

Since  there  was  no  one  in  the  behavioral  area  substantially  in¬ 
volved  in  the  American  program,  there  was  no  one  who  had  the  back¬ 
ground  to  evaluate  and  interpret  the  significance  of  the  Russian 
work.  Instead,  it  tended  to  be  dismissed  as  alien  and  uninter- 

'PRETABLE. 

Another  factor  involveo  in  the  rejection  of  the  Russian  work 

WAS  THE  FACT  THAT  MANY  OF  THE  TRANSLATIONS  OF  THE  RUSSIAN  WORK 
WERE  SIMPLY  ATROCIOUS.  MANY  OF  THESE  TRANSLATIONS  WERE  COMPLETELY 
MISLEADING.  FOR  EXAMPLE,  IN  ONE  THE  WORO  FOR  HYPOTHALMUS  WAS 
TRANSLATED  AS  CEREBELLUM.  THIS  MISTRANSLATION  IN  THE  CONTEXT  OF 
THE  REST  OF  THE  REPORT  MADE  THE  EXPERIMENT  APPEAR  TO  BE  POORLY 
DONE.  ONE  CAN  EASILY  UNDERSTAND  THE  NEGATIVE  VIEW  OF  AMERICAN 
INVESTIGATORS  WHO  EVALUATED  THE  WORK  THROUGH  THESE  TRANSLATIONS. 

I  PERSONALLY  FOUNO  IT  NECESSARY  TO  HAVE  MANY  OF  MY  OWN  TRANSLA¬ 
TIONS  MADE  OF  REPRINTS  THAT  I  RECEIVED  FROM  RUSSIAN  INVESTIGATORS. 
IN  THIS  WAY,  I  CHECKED  ON  THE  ACCURACY  OF  TRANSLATIONS  THAT  WERE 
DISTRIBUTED  BY  VARIOUS  TRANSLATION  GROUPS 

An  ADDITIONAL  REASON  FOR  THE  NEGATIVE  VIEW  OF  AMERICAN  IN¬ 
VESTIGATORS  WAS  THE  FACT  THAT  THE  RUSSIANS  OFTEN  OID  NOT  GIVE 
INFORMATION  IN  THEIR  PAPERS  WHICH  WE  FEEL  IS  NECESSARY  TO  EVAL¬ 
UATE  THE  QUALITY  OF  THE  RESEARCH.  RUSSIANS  WORKING  IN  OTHER 
AREAS  ALSO  00  NOT  GIVE  SUFF.CIENT  INFORMATION.  CHE  SOMETIMES 
GETS  THE  IMPRESSION  THAT  MANY  OF  THE  RUSSIAN  INVESTIGATORS  DO 
NOT  LIKE  TO  HAVE  THEIR  FRIENDS  DOWN  THE  HALL  OR  IN  ANOTHER 

Institute  know  too  much  about  what  they  are  currently  ooinc. 

Another  reason  was  that  some  of  the  work  was  of  poor  quality. 
Thus,  there  were  cooo  and  bad  reasons  for  rejecting  portions  of 
the  Russian  work.  In  looking  at  this  history,  I  think  it  becomes 

CLEARER  WHY  THERE  IS  SO  MUCH  ARGUMENT,  CONFUSION,  AND  MISUNDER¬ 
STANDING  IN  THIS  AREA  OF  RESEARCH. 


There  was  the  assumption  that  we  mad  a  complete  understand¬ 
ing  or  NERVOUS  SYSTEM  FUNCTION.  This  FALSE  ASSUMPTION  PROVIOEO 
THE  UNDERPINNING  FOR  CALCULATIONS  THAT  WERE  GLIBLY  OFFERED  AS 
PROOF  THAT  NEURAL  FUNCTION  COULD  NOT  BE  EFFECTED  BY  RF  ENERGY. 

Thus,  there  was  little  research  on  nervous  system  function  and 
littlc  evaluation  of  factors  such  as  modulation. 

There  was  also  the  polarization  of  investigators  into  the 

THERMAL  AND  NON-THERMAL  CAMPS  WITH  THE  EMOTION  AND  NARROWING  OF 
VIEWS  THAT  THIS  INVOLVEO.  THERE  WAS  THE  JURISDICTIONAL  BATTLES 
BETWEEN  CERTAIN  GROUPS  FOR  CONTROL  OVER  RF  RESEARCH.  AND  THERE 
WAS  ALSO  THE  SUBSTANTIAL  AMOUNT  OF  RUSSIAN  WORK  ON  THE  NERVOUS 
SYSTEM  THAT  WAS  NOT  TO  OUR  LIKING  BECAUSE;  IT  WAS  ALIEN  TO  OUR 
TRAOITION,  THEY  OFTEN  OMITTED  INFORMATION  THAT  WE  REGARD  AS  IM¬ 
PORTANT  IN  EVALUATING  THE  DUALITY  OF  RESEARCH,  MANY  OF  OUR  TRANS¬ 
LATIONS  WERE  MISLEADING,  ANO  SOME  OF  THE  WORK  WAS  OF  POOR  QUALITY. 

With  this  recognition  of  the  sources  of  confusion  and  mis¬ 
understanding,  POSSIBLY  WE  CAN  NOW  HOVE  FORWARD  IN  OUR  IGNORANCE 
OF  THE  FUNCTION  OF  THE  NERVOUS  SYSTEM  TO  DEVELOP  AN  UNDERSTANDING 
OF  THE  EFFECTS  ANO  HAZARDS  OF  RF  ENERGY  ANO  TO  OEVElOP  THE  USE  OF 
RF  ENERGY  AS  A  TOOL  TO  HELP  US  OBTAIN  AN  UNDERSTANDING  OF  NERVOUS 
SYSTEM  FUNCTION. 

$0  MUCH  FOR  GENERAL  HISTORY.  I  SHALL  NOW  SKETCH  THE  NATURE 
AND  RESULTS  OF  THE  EXPERIMENTATION  I  HAVE  CARRIED  OUT  IN  THIS  AREA. 

I  HAVE  DONE  A  FAIR  AMOUNT  OF  RESEARCH  WITH  THIS  ENERGY  AT 
CARRIER  FREQUENCIES  IN  THE  VLF,  VHP  AND  UHF  BANDS.  THIS  ENCOM¬ 
PASSES  MANY  OF  THE  FREQUENCIES  USE;0  IN  RADAR,  TELEVISION,  INDUS¬ 
TRIAL  PKOCESSES,  ANO  INCLUDES  SOME-  OK  THE  RADIO  BROADCAST  FRE¬ 
QUENCIES.  The  work  has  involveo  nervous  system  function,  heart 
FUNCTION,  ENDOCRINE  GLAND  FUNCTION,  AND  MATHEMATICAL  MODELING  OF 
EFFECTS .  Much  OF  THE  OATA  is  AVAILABLE  IN  VARIOUS  JOURNALS. 

There  is  a  substantial  amount  though  that  I  have  not  had  time  to 

PREPARE  FOR  PUBLICATION.  THIS  LATER  I  SHALL  EMPHASIZE. 

My  interest  in  this  area  began  when  I  MET  a  man  whose  WORK 

INVOLVED  HIM  IN  MEASURING  THE  FIELOS  OF  NEW  RADARS.  He  MENTIONED 
TO  HE  THAT  CERTAIN  RADARS  INDUCE  THE  PERCEPTION  OF  SOUND.  AFTER 
A  OISCUSSION  WHICH  SEEMED  TO  ELIMINATE  THE  OBVIOUS  SOURCES  OF  THE 
SOUND,  SUCH  AS  FILLINGS  IN  THE  TEETH,  l  ARRANSEO  TO  VISIT  A  RADAP 
SITE  AT  WHICH  HE  COULD  HEAR  THIS  SOUNO.  SUCH  BECAN  MY  EXPERIMEN¬ 
TATION  WITH  RF  ENERGY. 

LET  ME  NOT"  HERE  THAT  I  WAS  NOT  THE  FIRST  TO  PUBLISH  A  REPORT 
ON  THE  PERCEPTION  OF  SOUNO  IN  A  RADAR  FIELD.  CREDIT  SHOULD  BE 
GIVEN  TO  A  GROUP  OF  ENGINEERS  AT  AIL  WHO  PUBLISHED  A  ONE  PAGE  RE¬ 
PORT  ON  IT  ABOUT  THIRTEEN  YEARS  BEFORE  HY  FIRST  REPORT.  UNFORTUN¬ 
ATELY  THEY  DIO  NOT  PURSUE  THE  MATTER.  I  LEARNEO  FROM  ONE  OF  THEM 
LATER  THAT  WHEN  THEY  BROUGHT  THE  PHENOMENON  TO  THE  ATTENTION  OF 
AN  EXPERT  ON  HEARING,  HE  TOLO  THEM  THAT  THERE  WAS  NOTHING  TO  IT; 
JUST  TEETH  RATTLING.  ShOULO  I  EVER  CECONE  AN  EXPERT  IN  SOME  AREA, 

I  HOPE  THAT  I  SHALL  RECOGi'IZE  THE  BOUNDS  OF  MY  OWN  WISDOM. 


My  work  in  this  area  began  with  the  study  of  human  perception 
or  the  rf  induced  sound.  This  human  work  has  been  fully  reported 

AND  INDEPENDENTLY  VERIFIEO  BY  SEVERAL  PEOPLE  WHO  HAVE  ADHERED  TO 
THE  PARAMETERS  THAT  I  HAVE  SPECIFIEO  AS  NECESSARY  TO  INDUCE  THE 

effect;  parameters  such  as  a  specific  bano  of  carrier  frequencies. 


Insert  Figure  *1  about  here 


In  Figure  1,  this  band  of  frequencies  is  specified. 

Early  in  the  work,  I  explored  the  possibility  of  explaining 

THE  RADAR  INDUCED  HEARING  EFFECT  AS  THE  EL E CT R 0 PHON I C  EFFECT. 

The  electrophon i c  effect  involved  putting  the  head  between  elec¬ 
trodes  ON  WHICH  THERE  IS  A  HIGH  POTENTIAL  AND  THERBY  INDUCE  A 

sound  thru  skin  vibration.  Knowledge  of  the  phenomenon  goes  back 
to  the  time  of  Volta.  More  recently,  Stevens,  Flotorp  ano  also 
Sommer  and  Von  Gierke  experimented  with  the  electrophon i c  effect. 

I  EXPERIMENTED  WITH  THE  ELECTROPHONIC  EFFECT  AND  ALSO  USED  RADAR 
ENERGY  TO  COMPARE  SPECIFIC  FINOINGS  WITH  THE  TWO  EFFECTS  TO  SEE 
IF  THEY  WERE  THE  SAME.  THIS  RESULTED  IN  THE  FINDING  THAT  THE 
RADAR  EFFECT  COULD  NOT  BE  EXPLAINED  WITH  THE  EL E C T R OPH 0 N I C  MODEL. 

I  THEREFORE  WENT  ON  INTO  ANIMAL  EXPERIMENTATION  IN  ORDER 
TO  OETERMINE  THE  LOCUS  ANO  NATURE  OF  THE  RF  HEARING  EFFECT.  I 
SEARCHED  FOR  COCHLEAR  MICROPHONICS  IN  CUINEA  PIGS  ANO  ALSO  IN 
CATS  EXPOSED  TO  RADAR  ENERGY.  WE  FOUND  THAT  THERE  WERE  NO  COCH¬ 
LEAR  MICROPHONICS  IN  CITHER  SPECIES.  CONTROL  TESTS  WITH  ACOUSTIC 
ENERGY  OF  COMPAPaBLE  WAVEFORM  AND  LOUDNESS,  INCLUDING  THE  ALTER¬ 
NATION  OF  ACOUSTIC  AND  RAOAR  ENERGY,  INDICATED  THAT  A  MICROPHONIC 
DOES  NOT  OCCUR  WITH  THE  RAOAR  ENERGY.  The  POWER  DENSITIES  WE 
USED  WERE  FAR  ABOVE  THAT  NEEOEO  TO  INOUCE  THE  EFFECT  IN  CATS. 

I  CARRIED  THE  QUEST  FURTHER  BY  FIRST  CONDITIONING  CATS  TO 
RESPOND  TO  RADAR  ENERGY  CUES  AND  SIMILAR  ACOUSTIC  CUES.  >  THEN 
DESTROYED  THE  COCHLEAS  SURGICALLY  IN  SOME  CATS  ANO  WITH  NEOMYCIN 
IN  OTHER  CATS.  UNFORTUNATELY,  THE  RESULTS  OF  THIS  STUDY  ARE  NOT 
COMPLETE.  I  HAO  BORROWED  THE  USE  OF  A  TRANSMITTER  WHOSE  CHARAC¬ 
TERISTICS  WERE  OF  PARTICULAR  INTEREST  TO  ME  ANO  USED  IT  AS  THE 
RAOAR  SOURCE.  JUST  AS  I  REACHED  THE  FINAL  STAGE  OF  THE  EXPER¬ 
IMENT,  THE  TRANSMITTER  WAS  TAKEN  AWAY  ON  TWO  DAYS  NOTICE  TO  BE 
USED  IN  SOUTH-EAST  ASIA.  We  FOUND  THOUGH,  IN  A  CRASH  EFFORT, 

THAT  THE  RESPONSE  TO  ACOUSTIC  ENERGY  WAS  LOST.  In  SOME  CATS, 

THE  RESPONSE  TO  RAOAR  SEEMED  TO  BE  THERE.  WE  OID  A  LIMITED 
AMOUNT  OF  COCHLEAR  HISTOLOGY  ANO  FOUND  THE  INTENDED  DAMAGE.  No 
CONCLUSIONS,  HOWEVER,  SHOL'LO  BE  ORAWN.  BEHAVIORAL  RESEARCH  WITH 
OEAFENEO  CATS  IS  DIFFICULT  AT  BEST.  I  WISH  TO  ONLY  POINT  OUT 
THAT  SUCH  WORK  WITH  RAOAR  CAN  BE  OONE  AND  THAT  I  SHALL  COMPLETE  IT 

Concurrently  with  the  foregoing  work,  we  pursued  another 
LINE  TO  OBTAIN  SUGGESTIONS  AS  TO  THE  LOCUS  OF  THE  RF  HEARING 
SENSING  MECHANISM.  USING  ENERGY  THRESHOLD  LEVELS  OBTAINED  FOR 


THE  HEARING  EFFECT  IN  HUMANS,  WE  MATHEMATICALLY  TRACED  THE  RF 
ENERGY  THROUGH  A  MATHEMATICAL  MODEL  FOR  FOREHEAO  TISSUE  LAYERS. 

WE  FELT  THAT  KNOWING  WHERE  THE  SIGNAL  STRENGTHS  CROSSED  IN  OUR 
MATHEMATICAL  MODEL  WOULD  ENABLE  US  TO  MAKE  A  REASONABLE  JUDGE¬ 
MENT  AS  TO  WHERE  TO  LOOK  IN  THE  ANIMAL  FOR  THE  SENSING  MECHANISM. 
IN  CONSTRUCTING  OUR  MODEL,  WE  PICKEO  ALL  TISSUE  ELECTRICAL  VALUFS 
IN  ADVANCE,  USED  STANDARO  VALUES  FOR  TISSUE  THICKNESS,  AND  TOOK 
INTO  CONSIDERATION  ONLY  FIRST  REFLECTIONS.  OuR  CALCULATIONS  IN¬ 
DICATE  THAT  THE  FIRST  RF  ENERGY  CROSSING  IS  IN  THE  BRAIN.  IT  IS 


Insert  Figure  2  about  here. 


EMPHASIZCD  THAT  THIS  SHOUIO  NOT  BE  CONSTRUEO  AS  PROOF.  IT  IS  ONLY 
A  SUGGESTION  TO  GUIDE  RESEARCH.  AS  ONE  OF  THIS  AFTERNOON'S  SPEAK¬ 
ERS  CAN  PROVE,  THE  RESULT  OF  SUCH  CALCULATIONS  CAN  AT  BEST  BE  CON¬ 
SIDERED  A  RESEARCH  SUGGESTION. 

AS  AN  ASIDE  AND  INCIDENTAL  TO  THE  FOREGOING  WORK,  I  NOTICED 
THAT  HEADACHES  APPEARED  TO  8£  INDUCED  AT  SOME  FREQUEC I ES  AT  LOW 
POWER  LEVELS.  A  LIMITEO  AMOUNT  OF  EXPLORATION  LEADS  ME  TO  BE¬ 
LIEVE  THAT  THE  HEAOACHE  EFFECT  IS  PROBABLY  REAL,  BUT  IT  REQUIRES 
VERIFICATION.  THUS,  IT  IS  MENTIONED  HERE  ONLY  AS  A  HYPOTHESES 
FOR  RESEARCH. 

I  SHALL  NOW  LEAVE  THE  RF  AUDITORY  EFFECT  AND  MENTION  SOME 
OTHER  EXPERIMENTATION  WE  HAVE  DONE.  WE  HAVE  CARRIED  OUT  EXPERI¬ 
MENTATION  WITH  CATS  IN  WHICH  WE  ESTABLISHED  AVOIDANCE  CONDITION¬ 
ING.  Cats  can  use  the  rf  energy  as  a  cue  in  avoidance  condition¬ 
ing.  We  have  also  established  rf  thresholds  ron  this  in  cats. 

I  HAVE  ALSO  SEEN  INDICATIONS  OF  AVOIDANCE  BEHAVIOR  IN  MONKEYS 
THOUGH  AT  RELATIVELY  HIGH  POWER  DENSITIES. 

Since  there  were  suggestions  in  some  of  the  experiments 

THAT  WE  MIGHT  BE  MODIFYING  LEVEL  OF  CONS C I OUS N ES S ,  WE  CARRIED 
OUT  LIMITED  EXPERIMENTATION  WITH  MONKEYS  TO  DETERMINE  IF  RF 
ENERGY  CAN  MODIFY  LEVEL  OF  CONSCIOUSNESS.  WE  FOUND,  AT  THE  FRE¬ 
QUENCY  USED,  MO  DRASTIC  CHANGES  IN  LEVEL  OF  CONSCIOUSNESS  AS 
MEASURED  BY  A  STANOARO  BEHAVIORAL  TECHNIQUE. 

We  ALSO  CMBARKEO  UPON  A  program  to  develop  a  RECORDING  elec- 
TROOE  SYSTEM  THAT  COULO  BE  USED  IN  AN  RF  FIELD  AND  WOULD  NOT  IT¬ 
SELF  INTRODUCE  ARTIFACTS.  WE  FOUND  THAT  CONVENTIONAL  ELECTRODE 
SYSTEMS  TENO  TO  GIVE  INTERESTING  BUT  QUESTIONABLE  RESULTS.  THIS 
ENDEAVOR  WAS  SUCCESSFUL  AND  WE  HAVE  A  PATENT  PENOING  ON  THE 
ELECTRODE  SYSTEM. 

With  this  electrode  system,  we  were  able  to  study  brain 

ACTIVITY  IN  INTACT  CATS  UNOER  RF  STIMULATION.  As  MAY  BE  SEEN 

in  Figures  3  and  4,  evoked  responses  can  be  inouceo  in  the  brain 

STEM  AT  AVERAGE  POWER  DENSITIES  OF  30<hv/cm2.  ThEIR  CHARACTERIS¬ 
TICS  IN  THE  RETICULAR  FORMATION  AND  HYPOTHALNIC  AREAS  ARE  AS  ONE 
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HIOHT  EXPECT  FROM  WHAT  VC  KNOW  ABOUT  EVOKEO  RESPONSES  IN  GENERAL. 

The  oetails  of  technique  and  experimental  controls  are  published. 


Insert  Figures  3  and  4  about  here 


With  an  electrode  system  and  the  evoked  response  as  a  depend¬ 
ent  variable,  we  were  able  to  do  parametric  studies.  We  found 

THAT  THE  MEAD  MUST  6E  EXPOSED  TO  RF  ENERGY  TOR  THE  EFFECT  TO  OC¬ 
CUR.  It  was  observed  that  within  the  carrier  frequency  range 
USED,  THERE  APPEAREO  TO  BE  A  REDUCTION  IN  EFFECT  AT  THE  HIGHEST 

frequency  used.  Varying  power  dcnsitt  mad  a  distinct  effect. 
Changes  in  polarization  of  the  energy  did  not  seem  to  have  much 
effect.  Changing  pulse  repetition  frequency  docs  not  seem  to 

HATTER  UNTIL  THE  PRF  IS  GREATER  THAN  50  PPS. 

Leaving  the  evoked  brain  potential  work,  I  will  mention 

BRIEFLY  SEVERAL  LIMITED  STUOIES  WE  HAVE  DONE.  In  LIMITED  EXPER¬ 
IMENTATION  WITH  HUMANS,  A.  VLF,  WE  HAVE  FOUND  THAT  THERE  IS  NO 
AUO I  TORY  EFFECT,  EVEN  AT  VERY  HIGH  FIELD  STRENGTHS.  THERE  IS, 
HOWEVER,  STIMULATION  OF  SKIN  RECEPTORS.  THERE  IS  ALSO  AN  INDICA¬ 
TION  OF  THE  HEADACHE  PHENOMENON  AGAIN. 

We  HAVE  CARRIED  OUT  EXPLORATORY  WORK  IN  BRAIN  CHEMISTRY 
UNDER  RF  ENERGY  AS  WELL  AS  LOOKED  AT  THE  EFFECT  OF  RF  ENERGY  ON 
ISOLATEO  LOBSTER  GANGLIA.  THERE  IS  INSUFFICIENT  DATA,  HOWEVER, 

TO  DISCUSS  ANY  EFFECT. 

SO  MUCH  FOR  A  MENTION  OF  OUR  SEVERAL  MORE  RECENT  EXPLORATORY 
EXPERIMENTS.  OuR  WORK  WITH  THE  HEART  MAS  BEEN  MORE  EXTENSIVE. 

I  SHALL  NOW  BRIEFLY  SKETCH  THE  NATURE  OF  OUR  HEART  EXPERIMENTA¬ 
TION.  Initially,  we  illuminated  islolateo  frog  hearts  with  pulse 

MODULATED  RF  ENERGY,  The  PULSES  WERE  SYNCHRONIZED  WITH  THE  ELEC¬ 
TROCARDIOGRAM  IN  AN  ATTEMPT  TO  INOUCE  A  POSITIVE  FEEDBACK  CONDI¬ 
TION.  WE  FOUNO  THAT  SYNCHRONIZING  THE  RF  PULSES  WITH  THE  R  WAVE 
RESULTED  IN  TACHYCAROIA  ANO  FREQUENTLY  ARRHYTHMIA  AND  CESSATION 
OF  THE  HEART.  SYNCHRONIZING  IT  WITH  EARLIER  PORTIONS  OF  THE  ECG 
RESULTED  IN  LITTLE  EFFECT  ON  THE  ECG. 

We  have  extcndeo  this  heart  work  along  several  lines.  We 

HAVE  SYNCHRONIZED  THE  RF  ENERGY  WITH  THE  LATER  PORTIONS  OF  THE 
ECG.  We  FIND  A  TACHYCARDIA  EFFECT  WHEN  WE  SYNCHRONIZE  WITH  THE  T 
WAVE  BUT  THE  EFFECT  IS  GREATER  WHEN  WE  HIT  THE  HEART  AT  THE  R 

.wave.  Here,  again,  we  see  a  distinction  between  the  effect  of 

ELECTRICAL  SHOCK  ANO  THE  EFFECT  OF  RF  ENERGY.  STUOIES  WITH  EL¬ 
ECTRICAL  SHOCK  SHOW  THAT  THE  APPLICATION  OF  THE  STIMULUS  AT  THE 
RISE  OF  THE  T  WAVE  YIELOS  THE  GREATER  EFFECT.  THIS  IS  NOT  THE 
POINT  OF  GREATEST  RF  EFFECT. 

WE  HAVE  ALSO  EXTENOED  THE  HEART  WORK  TO  INCLUDE  ILLUMINAT¬ 
ING  THE  ANIHAL  WITH  THE  HEART  INTACT  AND  WITHIN  THE  BODY.  WE  FIND 


THAT  TACHYCARDIA  ANO  ARRHYTHMIA  STILL  OCCUR.  THE  EFFECT  IS  NOT 
AS  CREAT  HOWEVER.  We  ARE  CURRENTLY  TRYING  TO  DETERMINE  IF  THIS 
IS  DUE  TO  INCREASED  FIELD  DISTORTION  OR  ONE  OF  THE  BODY'S  BUFFER— 
ING  SYSTEMS. 

We  ARE  ALSO  EVALUATING  THE  NATURE  OF  THE  CHANGE  IN  THE  ELEC¬ 
TROCARDIOGRAM.  WE  OBSERVE  SHIFTS  IN  THE  TIME  RELATIONSHIPS  AMONG 
VARIOUS  PORTIONS  OF  THE  EC6 ,  BUT  HAVE  NOT  HAD  TIME  TO  ANALYZE  THE 
NATURE  OF  THE  SHIFTS. 

I  SHALL  CLOSE  BY  CALLING  ATTENTION  TO  SEVERAL  POINTS  THAT 
I  BELIEVE  TO  BE  OF  IMPORTANCE. 

First,  let  us  ignore  the  thermal  vs  non-thermal  controversy. 

If  IT  WOULD  Ot  IN  MY  POWER,  I  WOULD  BANISH  THE  WORDS  THERMAL  ANO 
NON-THERMAL  FROM  THIS  AREA  OF  RESEARCH.  WE  HAVE  HAD  ENOUGH  OF 

semantic  confusion.  If  one  feels  a  real  need  to  use  the  word 

THERMAL,  THEN  ONE  HAS  THE  OBLIGATION  TO  HAKE  VERY  CLEAR  HOW  HE  IS 

oefining  thermal.  Then,  when  the  inevitable  argument  starts,  his 

OPPONENT  IS  OBLIGATED  TO  PROVIDE  A  DEFINITION. 

Second,  we  should  recognize  explicitly  that  we  know  very 
little  about  the  function  of  the  nervous  systeh.  We  know  even 
less  about  the  possible  interaction  of  rf  energy  with  neural  func¬ 
tion.  We  SHOULD  KEEP  CLEARLY  IN  MINO  THAT  WE  00  NOT  KNOW  HOW 

information  is  cooeo  in  the  nervous  system.  We  00  not  know  how 

INFORMATION  IS  TRANSFERRED  IN  THE  NERVOUS  SYSTEM.  WE  00  NOT  KNOW 
HOW  .^FORMATION  IS  ST0i;tO  IN  THE  NERVOUS  SYSTEM.  THUS,  WE  CAN  NOT 
CONC-  UDE  FROM  CALCULATIONS  BASED  UPON  SOME  SET  OF  ASSUMPTIONS 
WHAT  EFFECT  RF  ENERGY  WILL  HAVE  ON  NEURAL  FUNCTION.  NOR  CAN  WE 
CRAW  CONCLUSIONS  ON  THE  FUNCTION  OF  SYSTEMS  SUCH  AS  THE  CARDIO¬ 
VASCULAR  ANO  ENDOCRINE  WHICH  INVOLVE  A  MEASURE  OF  NEURAL  CONTROL. 

Hypotheses  can  and  should  be  generated,  but  no  conclusions  orawn. 
These  hypotheses  must  then  be  subjected  to  experimental  test. 

Third,  parametric  studies  must  be  carried  out  and  experimen¬ 
tal  controls  must  be  recognized  ano  used.  Most  of  my  experimen¬ 
tal  work  has  not  been  in  the  rf  area.  On  the  basis  of  my  exper¬ 
iences,  I  HAVE  CONCLUDED  THAT  BIOLOGICAL  EXPERIMENTS  WITH  RF  ENERGY 
HAVE  AN  UNUSUALLY  GREAT  NUMBER  OF  PITFALLS,  MANY  PARAMETRIC 
STUOIES  ARE  NEEDEO  ANO  EXTRAORDINARY  (FOR  BIOLOGY)  EXPERIMENTAL 
CONTROLS  ARE  NEEOEO. 

Fourth,  let  us  recognize,  at  least  in  working  with  the  ner¬ 
vous  SYSTEM  ANO  HEART,  THAT  RF  ENERGY  IS  NOT  "RF "  ENERGY  ANO 
MICROWAVES  ARE  NOT  "MICROWAVES".  ONE  SHOULD  NOT  GENERALIZE  CON¬ 
CLUSIONS  BASED  UPON  OATA  AT  ONE  FREQUENCY  BY  REFERRING  TO  mM I CRO- 
WAVE  EFFECTS".  WE  MUST  DEFINE  THE  SPECIFIC  FREQUENCY.  FOR  EX¬ 
AMPLE,  I've  FOUND  THAT  ONE  DOES  NOT  OBTAIN  AT  9  Ghz  THE  SAME  EF¬ 
FECTS  THAT  OCCUR  AT  1  GhZ.  Ano  THERE  ARE  OTHER  EFFECTS  AT  21  KHZ. 

Fifth,  it  should  be  expliciuy  recognized  that  there  is  not 
A  CATEGORY  of  rf  effects  and  a  category  of  RF  HAZARDS.  One  can 
only  have  biological  effects  of  rf.  Whether  or  not  these  are  a 


-9- 

V!  AZ  AR  0  IS  A  MATTER  OF  INTERPRETING  THE  INFLUENCE  OF  THE  EFFECTS 
IN  A  PARTICULAR  SET  OF  CIRCUMSTANCES. 

Sixth,  ve  must  establish  the  minimum  information  on  exper¬ 
imental  METHOD  AND  TECHNIQUE  THAT  MUST  BE  REPORTED.  SOME  OF  THE 
HOST  BASIC  INFORMATION,  EVEN  IN  AMERICAN  REPORTS,  IS  LACKING.  I 
HAVE  EXPERIENCED  GREAT  FRUSTRATION  IN  WRITING  THE  ANALYTICAL  RE¬ 
VIEWS  THAT  I  HAVE  DONE  IN  THIS  AREA  BECAUSE  OF  THIS.  FOR  EXAMPLE, 
CARRIER  FREQUENCY  IS  OFTEN  SPECIFIED  AS  SIMPLY  X  BAND  OR  SHF. 

There  is  often  no  indication  as  to  whether  the  energy  was  modulat¬ 
ed  OR  NOT.  RF  MEASUREMENT  TECHNIQUE  IS  OFTEN  NOT  SPELLED-  OUT. 

It  MUST  BE  SPELLED  OUT  IF  ONE  IS  TO  EVALUATE  THE  REPORT.  EVEN 
WITH  THE  BEST  EQUIPMENT  AND  TECHNIQUE,  THE  CONFIDENCE  LIMITS  FOR 
A  MEASUREMENT  ARE  WIDE*,  AN  ORDER  OF  MAGNITUDE. 

This  is  compounded  by  investigators  using  dissimilar  tech¬ 
niques.  For  EXAMPLE,  ONE  investicator  measures  the  temperature  of 
a  glass  of  water  while  another  investigator  measures  thermister 

RESPONSE  AS  SEEN  BY  A  POWER  METER.  In  THEORY,  SOME  COMPARISONS  CAN 
BE  MAOE  AND  CONCLUSIONS  DRAWN;  IN  FACT,  SUCH  COMPARISONS  ARE  STRAIN 
EO  AND  TENUOUS.  We  MUST  ESTABLISH  STANDARD  MEASUREMENT  TECHNIQUES 
AND  STANDARDIZE  ON  THE  UNITS  IN  WHICH  THEY  ARE  REPORTEO. 

The  FOREGOING  HAS  BEEN  A  LIMITED  HISTORY  OF  THE  AREA,  A  BRIEF 
SKETCH  OF  MY  EXPERIMENTATION,  AND  SOME  POINTS  THAT  I  BELIEVE  TO  BE 
WORTHY  OF  ATTENTION. 
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